streptococci. The data indicated that the initial proportion of staphylococci present in the medium was of less importance than the depletion of vital nutrients. Investigation revealed that factors present in Yeast Nitrogen Base medium could reverse the inhibition which was due to antagonism. The major factor found was nicotinamide, and further study revealed that the biological availability of this compound was influenced by the pH of the medium. The addition of nicotinamide to depleted media with careful control of the pH resulted in increased growth of S. aureus in the test system. Further data indicated that additional factors may affect the degree of growth by S. aureus in depleted media.
When a variety of microorganisms exist in a biological community, one of a number of associative conditions develop. Among these are the antagonistic associations in which certain organisms grow at the expense of the others. Waksman (1947) discussed several possible methods in which hardier organisms were able to survive under these conditions. His views were shared by Mossel and Ingram (1955) , who described retardation of one organism by the more rapid growth of another which consumed necessary nutrients and altered the pH of the growth medium.
The ability of staphylococci to accept challenge from other organisms has not received much attention, although information of this type would be helpful in predicting their survival. Peterson, Black, and Gunderson (1962a) demonstrated this by showing that large numbers of saprophytic organisms could provide protection to food products at low temperature by causing spoilage before food-poisoning staphylococci were able to grow appreciably. In a further communication (Peterson et al., 1962b) , they determined that the growth of staphylococci was suppressed by a mixture of saprophytic, psychrophilic organisms and that this effect was more pronounced as the initial proportion of staphylococci was lowered. In the present investigation, we studied associative growth of staphylococci and lactic streptococci in milk and broth.
MATERIALS AND METHODS
The organisms used were Staphylococcus aureus MF 31, an enterotoxigenic strain obtained from the Robert A. Taft Sanitary Engineering Center, and the lactic streptococcus, commonly referred to as Streptococcus diacetilactis (Matuszewski, Pyanowski, and Supenska, 1936; Sandine, Elliker, and Hays, 1962) 
RESULTS
The data presented in Fig. 1 represent the associative growth of S. aureus MF 31 and S. diacetilactis in 10% skim milk. The streptococcal population (Fig. 1, curves A and B) exhibited similar growth in pure culture and in association. Logarithmic growth began immediately, and in 10 hr the maximal population was achieved. The staphylococcal population (curve D), on the other hand, was grossly inhibited by growth in association, whereas the pure culture (curve C) grew luxuriantly in this medium. Inhibition in the associative culture occurred at the onset of growth, and, after two divisions, no further increase in the staphylococcal population was observed. Since the initial streptococcal population was approximately 50 times greater than the initial staphylococcal population, it was thought that inhibition was due to the numerical differential, as suggested by Peterson et al. (1962b) . Suppression of growth was also evident when the initial inoculum of S. diacetilactis was reduced to that of S. aureus (105 cells per milliliter), but it was not as dramatic as that indicated in Fig. 1 . When these experiments were repeated in TSB, similar results were obtained. This feature permitted the use of broth for the determination of the factors responsible for inhibition.
The possibility that low pH was the causative agent was discarded in favor of nutrient depletion, since Iandolo, Ordal, and Witter (1964) (Fig. 2, curve C) . These data agreed with those of Iandolo et al. (1964) for growth in this pH range, but extensive inhibition occurred when the pH of the spent broth was adjusted to 7.3 (Fig. 2, curve B) . The control (Fig. 2, curve A) was fresh broth at pH 7.3. The results indicate that, although low pH does cause a significant decrease in maximal population, other factors exhibited a greater effect and caused extensive inhibition of S. aureus.
Attempts to reverse inhibition by refortification of the pH 7.3 spent broth with glucose and selected amino acids did not provide suitable conditions for maximal growth (Table 1 ). The addition of Yeast Nitrogen Base (Difco), a complex medium, completely reversed inhibition. This medium contained the vitamins thiamine and niacin which are required by staphylococci (Elek, 1959) . Growth was stimulated when these vitamins were added to spent broth at pH 7.3. Because nicotinamide is more active than niacin for staphylococci, it was used in subsequent experiments. These experiments indicated that nicotinamide was the sole vitamin requirement in spent medium. Approximately 50% of the control growth was obtained when 0.8 ,ug/ml of nicotinamide was added to spent TSB at pH 7.3.
The fact that spent broth at pH 5.2 supported the growth of S. aureus MF 31 was explained in a report by Doede (1945) . She demonstrated that the biological activity of nicotinamide increased at acidic pH values. This was reflected by a fourfold increase in the nicotinamide requirement at pH 8 as compared with pH 6. The data presented in Fig. 3 confirm this observation for our strain. At pH 5.5, enough residual nicotinamide was present in the spent broth to obtain maximal growth of S. aureus, but as the pH increased the demand for nicotinamide increased linearly.
The experiments described above were-repeated with the organisms of a mixed lactic starter culture. The results obtained were comparable to those described for S. diacetilactis.
DISCUSSION
The data presented demonstrate that S. aureus MF 31 was inhibited by S. diacetilactis when these organisms were grown in association. Inhibition was primarily due to nutrient depletion. The initial proportion of staphylococci in associative cultures was apparently a predetermining factor governing the degree of inhibition, although repression of the maximal possible numbers was noted regardless of this ratio. The pH of the growth medium was also a controlling factor, but this was ultimately shown to be a function of the nicotinamide concentration. The concentration of biologically available nicotinamide was responsible for the majority of the inhibitory activity. It is presumed that S. diacetilactis is able to metabolize this compound at a rapid rate, leaving insufficient amounts for the growth of S. aureus MF 31. It was further suggested that factors in addition to nicotinamide were required. In certain instances, amino acids have been found to be limiting (Troller and Frazier, 1963) , and the amplifying effects of Yeast Nitrogen Base medium may be due to these compounds. 
